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ABSTRACT 

T h i s  program w a s  i n i t i a t e d  i n  A p r i l  of t h i s  y e a r  t o  

deve lop  a system to  combine s i l i c o n  fo rma t ion ,  by hydrogen 

r e d u c t i o n  of t r i c h l o r o s i l a n e ,  w i t h  t h e  c a p a b i l i t y  to r e p l e -  

n i s h  a c r y s t a l  growth system. The s i l i c o n  f o r m a t i o n  system 

is based  on a r e s i s t a n c e  h e a t e d  q u a r t z  r e a c t i o n  vessel i n  

which r e d u c t i o n  of t r i c h l o r o s i l a n e  deposits s i l i c o n  on t h e  

w a l l s  o f  t h e  v e s s e l .  A f t e r  s u f f i c i e n t  d e p o s i t i o n  h a s  occured ,  

t h e  s i l i c o n  w i l l  be melted o u t  of t h e  r e a c t i o n  v e s s e l  and 

carried to t h e  c r y s t a l  growth system by a hea ted  q u a r t z  de- 

l i v e r y  tube .  I s o l a t i o n  of t h e  reaction vessel d u r i n g  t h e  

s i l i c o n  f o r m a t i o n  s t a g e  w i l l  be accomplished by a q u a r t z  U- 

t u b e  t r a p - t y p e  valve c o n t a i n i n g  s i l i con  which c a n  be melted 

to allow p a s s a g e  of molten  s i l i c o n ,  o r  s o l i d i f i e d  to  p r e v e n t  

pas sage  o f  r e a c t a n t  g a s e s .  

Curing t h e  q u a r t e r l y  r e p c x t i n g  p e r i o d ,  we have estimated 

a v a r i e t y  of p r o c e s s  pa rame te r s  t o  allow s i z i n g  and s p e c i f i c a -  

t i o n  of  g a s  hand l ing  system components. Most of t h e  major com- 

ponents  of t h e  system have been des igned ,  or s p e c i f i e d ,  and 

o r d e r e d .  
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I. INTRODUCTION 

T h i s  program is  in t ended  t o  deve lop  a system which i n c o r -  

porates both s i l i c o n  fo rma t ion  and m e l t  r ep l en i shmen t  i n t o  t he  

same piece Df equipment.  The processes and equipment are scaled 

such  t h a t  a modest inves tmen t  can  make available t o  the Czochral- 

s k i  c r y s t a l  grower a l o w  cost s o u r c e  of s i l i c o n .  

t h e  smaller scale of o p e r a t i o n  means t h a t  the sys tems can be p u t  

i n t o  o p e r a t i o n  w i t h o u t  large capital  inves tments ,  g u a r a n t y  of 

marke ts ,  etc. 

I n  a d d i t i o n ,  

The chemical  r e a c t i o n s ,  H2 r e d u c t i o n  of SiHC13, are those 

i n  commercial usage now. The major i n n o v a t i o n  is i n  reactor 

d e s i g n  which allows a h i g h  p r o d u c t j v i t y  of s i l i c o n .  The reactor 

h a s  been c o n s e r v a t i v e l y  s i zed  on t h e  basis of e p i t a x i a l  depos i -  

t i o n  rates. The c o n c l u s i o n  of t h i s  c a l c u l a t i o n  is t h a t  a reason-  

a b l y  s i z e d  system can produce s i l i c o n  r a p i d l y  enough t o  keep pace  

with either 10 cm or 1 2  cm diameter C z o c h r a l s k i  c r y s t a l  growth 

o p e r a t i n g  i n  a semi-cont inuous mode. 

The program p l a n s  ca l l  for d e s i g n ,  c o n s t r u c t i o n  and t e s t i n g  

of a p r o t o  type  s y s  t e m  and demons t r a t ion ,  o v e r  a twen ty-f our hour  

p e r i o d ,  of a 0.5 kg/hr rate of S i  p roduc t ion  w i t h  18% conver s ion  

e f f i c i e n c y .  Based on i n i t i a l  f i n d i n g s  w i t h  t h e  p r o t o t y p e  system, 
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a second generation system w i l l  be b u i l t  and demonstrated over 

a 96 hour continuous run. This  system w i l l  also include a valve /  

delivery tube system to allow replenishment of a c r y s t a l  growth 

system. Demonstration of the complete system performance i n  

operat ion with  a Czochralski c r y s t a l  p u l l e r  over a 96  hour period 

w i l l  comprise the  f i n a l  phase of the  program. 
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11. PROCESS DESCRIPTION 

A schemat ic  c r o s s - s e c t i o n  of t h e  reactor system is shown 

i n  F i g u r e  1. P o l y c r y s t a l l i n e  s i l i c o n  w i l l  be d e p o s i t e d  on t h e  

i n s i d e  w a l l s  of a r e s i s t i v e l y  heated, mult i - : ia l led f u s e d  s i l i ca  

r e a c t i o n  chamber by H 2  r e d u c t i o n  of S i H C l 3 ,  

s i l i c o n  has  been produced, t h e  reactor i s  f l u s h e d  w i t h  a rgon  

and t h e  s i l i c o n  melted o u t  of t h e  reactor i n t o  a Czochra l sk i  

c r y s t a l  growth c r u c i b l e .  The  reactor i s  t h e n  r e t u r n e d  t o  t h e  

d e p o s i t i o n  s t a g e .  The r e a c t i o n  chamber and the c r y s t a l  growth 

system are s e p a r a t e d  by a hea ted  d e l i v e r y  tube .  The  "U" t ube  

acts a s  a v a l v e  by a d j u s t i n g  t h e  t empera tu re  above or below the 

m e l t i n g  p o i n t  of s i l i c o n .  A more d e t a i l e d  d e s c r i p t i o n  of a pro- 

cess c y c l e  is g i v e n  below: 

A f t e r  s u f f i c i e n t  

1. The reactor i s  brought  up t o  t empera tu re  under i n e r t  

gas flow. 

2.  A small amount of s i l i c o n  is melted i n  t h e  "U" t u b e  to  

form a p o s i t i v e  g a s  seal. The "U" t u b e  t empera tu re  i s  

dropped t o  abou t  120OOC. 

3. 

i n t roduced  i n t o  t h e  chamber and t h e i r  f low rates set to op- 

t i m i z e  t h e  maximum mass d e p o s i t i o n  of s i l i c o n .  

A t  t h e  selected r e a c t i o n  t empera tu re  S'HC13 and H 2  a r e  
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. 

4 .  The reaction i s  a l lowed t o  run  f o r  several hour s  u n t i l  

t h e  d e s i r e d  amount of  s i l i c o n  h a s  been d e p o s i t e d .  T h i s  i s  

de te rmined  b y  t h e  d e s i r e d  c y c l e  t i m e  and t h e  reactor vessel 

s i z e .  

5.  A t  t h i s  p o i n t  t h e  r e a c t a n t  g a s e s  are f l u s h e d  o u t  o f  

t h e  reactor w i t h  A r .  

6. Keeping t h e  "U" t u b e  a t  1200°C, t h e  reactor i s  raised 

to  about 145OOC t o  m e l t  down t h e  s i l i c o n  produced.  

t h e  reactor and t h e  d e l i v e r y  7 .  T h e  g a s  p r e s s u r e  between 

t u b e  is e q u i l i b r a t e d .  

8 .  The "U" t ube  and deliver; t u b e  are raised to  a b o u t  1415OC. 

When t h e  s i l i c o n  is melted i n  t h e  "U" t u b e ,  t h e  reactor w i l l  

empty due  t o  g r a v i t y ,  c a u s i n g  l i q u i d  s i l i c o n  t o  f low o u t  

th rough t h e  d e l i v e r y  t u b e  t o  e i t h e r  t h e  C z o c h r a l s k i  c r u c i b l e  

6r an  i n t e r m e d i a t e  r e p l e n i s h m e n t  c r u c i b l e .  Due t o  t h e  e q u i l i -  

b r a t e d  p r e s s u r e s  and a v e n t  to  p r e v e n t  s i p h o n i n g , t h e  "U" t u b e  

w i l l  remain f u l l  a f t e r  t h e  reactor h a s  been empt ied .  

9 .  The r e a c t o r  is r e t u r n e d  t o  r e a c t i o n  t empera tu re  and t h e  

"U" 

1 0 .  The r e a c t a n t  g a s  f low i s  then  re-admitted t o  t h e  chamber 

t o  s t a r t  t h e  c y c l e  a g a i n .  

t u b e  and d e l i v e r y  t u b e  a re  r e t u r n e d  to  120OOC. 
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111. DISCUSSION 

A .  System Design Cons ide ra t ions  

The p r o t o t y p e  system j-s being  des igned  to  y i e l d  a ra te  

of S i  fo rma t ion  of a t  l eas t  0 .5  kg/hr,  w i t h  an  assumed con- 

v e r s i o n  e f f i c i e n c y  of 30%. T h i s  y i 2 l d  w e  b e l i e v e  t o  be 

a t t a i n a b l e  based on r e p o r t e d  e f f i c i e n c i e s  i n  an open f l o w -  

th rough t u b e  reactor of 28% (1) an6 50% i n  a f l u i d i z e d  bed 

system. ( 2 )  These assumpt ions  lead to t h e  t y p i c a l  r e a c t a n t  

and p roduc t  quantities l i s ted  i n  Tab le  I .  

Data from t h e  work of Hunt, S i r t l ,  and Sawyer ( 3 , 4 )  

have provided  t h e  bas i s  f o r  m o s t  o f  o u r  c a l c u l a t i o n s ,  recog- 

n i z i n g  t h a t  t h e i r  da t a  are e q u i l i b r i u m  v a l u e s .  Vsing S i H C 1 3  

as t h e  s i l i c o n  source ,  w e  have r e p l o t t e d  data of Hunt, e t .  a l .  

t o  i n d i c a t e  t h e  p o t e n t i a l  convers ion  of s i l i c o n  i n  t h e  g a s  a t  

v a r i o u s  hydrogen d i l u t i o n s  ( C l / H  r a t i o )  o v e r  a r m q e  of tempera- 

t u r e s ,  F i g u r e  2 .  I n  F i g u r e  3 '.7e have p lo t t ed ,  based  on a s i l i -  

con fo rma t ion  r a t e  of  0 . 5  kg/hr, from S i H C 1 3 ,  t h e  v o l u m e t r i c  

f low rate of r e a c t a n t s  as a f u n c t i o n  o f  t empera tu re  f o r  v a r i o u s  

C l / H  r a t io s .  T h i s  a l lows e s t i m a t i o n  of t h e  minimum f low l i k e l y  

- -  

to  be encountered  ove r  a v a r i e t y  of  c o n d i t i o n s .  Our i n t e n t  f o r  

t h e  p r o t o t y p e  system h a s  been to  t r y  to  design and choose t h e  

7 



T a b l e  I - 

Species 

R e a c t a n t s :  
S i H C 1 3  

Reac tan t  and P r o d u c t  Quar ti t ies : 
0.5 Kg/hr. Deposition R a t e ,  30% Y i e l d  

Moles 

59 

395  

We i q  h t s , kg 

7.99  

0 .80  

P r o d u c t s  : 

S i H C 1 3  
--__I 

S i c 1 4  

HC1 

H2 

Si (SI 

13 

28 

2 5  

404  

1 7 . 8  

1 .7 '  

4 . 7 8  

0 . 9 1  

0 . 8 1  

0 . 5  

Volume (STPI f t 3  

47 

3 1 2  

T o t a l  

1 0  

22 

20 

3 1 9  

- 
T o t a l  

Volume (13xoK_>_ 

222  

1489  

1 7 1 0  

3 8  

8 3  

75  

1 2 0  2 

1400 

a 
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v a r i o u s  components t o  e n s u r e  adequa te  f l e x i b i l i t y  t o  p e r m i t  

o p e r a t i o n  of  t h e  system over a r ange  of c o n d i t i o n s .  S i n c e  w e  

are n o t  s u r e  o f  t h e  p a r a m e t e r s  which w i l l  lead to  maximum pro-  

d u c t i o n  ra tes ,  w e  must n e c e s s a r i l y  be able  t o  o p e r a t e  t h e  sys -  

t e m  e x p e r i m e n t a l l y  under  d i f f e r e n t  c o n d i t i o n s .  

C a l c u l a t i o n s  of t h e  ene rgy  requi rex ten ts  o f  t h e  p ro to -  

t ype  system i n d i c a t e d  t h a t  e f f e c t i v e  h e a t  t ransfe- :  to  t h e  reac- 

t o r  i n l e t  stream, of  H2 and SiHCl3,from t h e  p r o d u c t  stream can  

y i e l d  s i g n i f i c a n t  ene rgy  s a v i n g s ,  as w e l l  as  more r a p i d  and 

complete  r e a c t i o n  of t h e  i n l e t  g a s e s .  T a b l e  I1 l ists ,  cal- 

c u l a t e d  on t h e  same basis  a s  t h e  example o f  Table I ,  t h e  approx i -  

mate e n e r q i e s  r e q u i r e d  to  h e a t  t h e  r e a c t a n t  g a s e s  to  t h e  r e a c t i o n  

t empera tu re ,  t o  c a r r y  o u t  t h e  r e d u c t i o n  of pa r t  of t h e  t r i c h l o -  

rosi lane,  t o  m e l t  t h e  deposited s i l i c o n ,  and t o  m a i n t a i n  t h e  

reactor a t  tempera ture .  The ene rgy  r e q u i r e d  t o  h e a t  t h e  reac- 

t a n t  gases is  seen  t o  compr ise  approx ima te ly  4 0 %  of t h e  t o t a l  

energy:  i t  is alsc  t h e  o n l y  ene rqy  i n p u t  which o f f e r s  t h e  p o s s i -  

b i l i t y  of u s e f u l  r ecove ry .  P r e h e a t i n g  of t h e  r e a c t a n t  g a s e s  i s  

also seen  a s  a means to  e n s u r e  a closer apFroach t o  e q u i l i b r i u m  

and h i g h e r  y i e l d  i n  t h e  reactor, by b r i n g i n g  t h e  g a s  stream t o  

as h igh  a t empera tu re  as p o s s i b l e ,  as soon as  p o s s i b l e ,  t h u s  

a l lowing  a g r e a t e r  f r a c t i o n  of t h e  residence t i m e  f o r  r e a c t i o n  

a t  tempera ture  . 
B. EQUIPMENT 

F i g u r e  4 i s  a schemat i c  diagram of t h e  g a s  hand l ing  sys -  

t e m  and r e a c t o r .  T h e  system e s s e n t i a l l y  c o n s i s t s  of a stream of 

c i r c u l a t i n g  hydrogen to  which S i H C 1 3  is  adde?, a f r a c t i o n  of 
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Table I1 - 
Process Heat Requirements: 0.5 k g / h r ,  30% yield 

Inlet gas enthalpy (R.T. to 1300°K): 
I12 (312 CFII,STP) 

SiIIC13 (47 CFH,STP) 

Reaction Heat (Stoichiometry of 
Table I) : 

Reactor furnace heat loss  
@ 13000K (estimated) : 

Silicon Meltdown heat 
(estimated) : 

Approximate to tal required/hr 

1.G 

4 . 8  

( -0.2) 

6.0 

2.5 

13.1 

1 2  
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which i s  then  removed by convers ion  t o  so l id  S i ,  S i C l q ,  and 

p o s s i b l y  S i H 2 C 1 2  i n  t h e  reactor, and which  is subsequen t ly  cooled  

and p u r i f i e d  by condensa t ion  of t h e  c h l o r o s i l a n e s  and removal of 

HC1. Thus ,  a number of b a s i c  f e a t u r e s  of t h e  system are deter- 

mined. A r e c i r c u l a t i n g  pump, make-up hydrogen, s t o r a g e  and 

p r e s s u r e  b a l l a s t i n g  tank ,  t r i c h l o r o s i l a n e  l i q u i d  m e t e r i n g  pump 

and e v a p o r a t o r  p rov jde  t h e  mix tu re  of reactants  to t h e  d e p o s i t i o n  

r e a c t o r .  A f t e r  r e a c t i o n / d e p o s i t i o n  the  gas stream is cooled to  

remove t h e  c h l o r o s i l a n e s  and HC1. Because of t h e  f a i r l y  l o w  

c o n c e n t r a t i o n s  o f  chlorosilanes, t h e  gas stream w i l l  need to  be 

cooled t o  lower t empera tu res  t h a n  i n d i c a t e d  by t h e  b o i l i n g  p o i n t s  

of the p u r e  materials, 

1, T r i c h l o r o s i l a n e  Evapora tor  

W e  have dec ided  t o  u s e  a n  e v a p o r a t o r  c o n f i g u r a t i o n  s i m i -  

l a r  t o  a vacuum d i f f u s i o n  pump o p e r a t i n g  i n  r e v e r s e .  T xh loro-  

s i l a n e  l i q u i d ,  fed by a T e f l o n  diaphragm m e t e r i n s  wmp, w i l l  be 

mixed wi th  t h e  hydrogen stream i n  t h e  " f o r e l i n e " .  The g a s - l i q u i d  

m i x t u r e  p a s s e s  i n t o  t he  heated, lower s e c t i o n  of t h e  e v a p o r a t o r  

and o u t  t h e  t o p .  I f  necessa ry ,  h f f l e s  may be i n s t a l l e d  i n  t h e  

evapora to r  t o  p r e v e n t  l i q u i d  en t r a inmen t  and to  improve gas 

mixing.  W e  i n t e n d  t o  heat, and i n s u l a t e ,  t h e  g a s  stream from 

t h e  e v a p o r a t o r  i n t o  t h e  pr imary h e a t  exchanger .  The e v a p o r a t o r  

w i l l  be fabricated from carbon steel and be demountable and 

r e a d i l y  ?isassembled for  c l e a n i n g .  

2 .  Pr imary Heat Exchanger 

As noted above w e  have cons ide red  exchange of h e a t  be- 

tween  r e a c t a n t  and product  streams t o  be impor t an t  bo th  c h e m i -  
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c a l l y  and economica l ly .  Thus w e  have des igned  a h e a t  exchanger  

f o r  t h e  reactor p r o c e s s  stream. 

T r i c h l o r o s i l a n e  d a t a  from t h e  Lamar U n i v e r s i t y  Group's  

Q u a r t e r l y  Report  (XIII) (51 ,  s i l i c o n  t e t r a c h l o r i d e  d a t a  from 

" P h y s i c a l  and Thermodynamic p r o p e r t i e s  o f  S i l i c o n  T e t r a c h l o r i d e "  

by Y a w s ,  e t .  a1  (6); and hydrogen and hydrogen c h l o r i d e  d a t a  f rom 

"Heat Exchanger Design" by F r a a s  and O z i s i k  ( 7 )  w e r e  used to  

calculate t h e  g a s  stream m i x t u r e  p r o p e r t i e s  r e l e v a n t  to  d e s i g n  

of t h e  exchanger .  These g a s  properties f o r  s p e c i f i c  g e o m e t r i c  ex- 

changer  d e s i g n s  w e r e  used to  c a l c u l a t e  t h e  g a s  boundary l a y e r  

t h i c k n e s s ,  6, which l i m i t s  h e a t  t r a n s f e r ,  t h e  b u l k  strean h e a t  

t ransfer  c o e f f i c i e n t ,  U, w a s  the11 de termined  from t h e  c a l c u l a t e d  

v a l u e s  of h and 6. Reynolds numbers w e r e  also c a l c u l a t e d  which 

. i nd ica t e  s l i g h t l y  t u r b u l e n t  f l ow through t h e  exchanger .  The 

o v e r a l l  t r a n s f e r  c o e f f i c i e n t ,  U, w a s  t h e n  used t o  de te rmine  t h e  

s u r f a c e  area needed f o r  r e q u i r e d  t empera tu re  changes ,  and f l o w  

rates. Several t r i a l  c a l c u l a t i o n s  w e r e  done to  de te rmine  t h e  

cxchnagtir d e s i g n  f o r  t h e  system to be t e s t e d .  

The exchanger  w i l l  be made of g r a p h i t e .  The h o t  o u t -  

1::t gases w i l l  s p l i t  to f l o w  i n  t w o  streams on e i t h e r  s i d e  of  

tlie i n l e t  g a s .  The g a s  stream w i l l  be s e p a r a t e d  by f i n n e d  

t r a i9s fe r  p l i t e s .  F i n s  0 . 1  i n c h  t h i c k ,  0 . 1  i n c h  a p a r t ,  aqd 0 .45  

inche: h igh  w i l l  be machined i n t o  e i t h e r  s i d e  of t h e  t r a n s f e r  

? r a t e s .  The e x t e r i o r  s u r f a c e s  w i l l  be p l a i n  g r a p h i t e  p l a t e s  

and t h e  complete  exchanger  w i l l  be  i n s u i a t e d  and  enclosed i n  

an ~ rgon-pu-ged  metal enclosure.  The exchanger  w i l l  be approx i -  

mate ly  I - ' '  x 3" x 20"  o v e r a l l .  The design ilt 'rfarmancc of t h e  
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exchanger  is a s  follows: i n l e t  stream tempera tu re  w i l l  be 

ra ised from 6OoC to 7OO0C, w h i l e  t h e  o u t l e t  stream w i l l  d r o p  

from l l O O ° C  to  35OoC. The h e a t  t r a n s f e r  s u r f a c e  area is  ap- 

p rox ima te ly  7 f t f  and t h e  ove ra l l  t r a n s f e r  c o e f f i c i e n t  w i l l  

v a r y  w i t h  mass f low rate from approx ima te ly  3 t o  7 BTU/hr ft? 

F. Our p r e s e n t  i n t e n t i o n  is  to connec t  t h e  q u a r t z  tubula-  0 

t i o n s  o f  t h e  reactor v e s s e l  d i r e c t l y  to t h e k a t  exchanger  u s i n g  

metal g r a p h i t e  compression seals w i t h  Gra fo iQgaske t s .  

3 .  Reactor Furnace/Enclosure 

The c o n f i g u r a t i o n  chosen f o r  t h e  f u r n a c e  e n c l o s u r e  i s  

a v e r t i c a l  c y l i n d r i c a l  chamber w i t h  domed e n d s .  The chamber is 

s p l i t  h o r i z o n t a l l y  s l i g h t l y  above t h e  mid- l ine  to  allow t h e  one- 

piece t o p  h a l f  to  be l i f t e d  up, w h i l e  t h e  bottom s e c t i o n  is f l anged  

a t  the dome, b u t  w i l l  o r d i n a r i l y  remain i n  p l a c e  as  t h e  s u p p o r t  

f o r  a l l  t h e  h o t  zone par ts .  Flanged po r t s  10 and 1 2  i n c h e s  I .  D. 

w i l l  he  provided  i n  t h e  t o p  and bot tom r e s p e c t i v e l y .  The i n n e r  

s h e l l  w i l l  be  s t a i n l e s s  steel  and t h e  o u t e r  s h e l l  and f l anges  

w i l l  b e  carbon steel. 

The fu rnace ,  p r o p e r ,  will be c o n s t r u c t e d  from g r a p h i t e  

s h e e t  and Grafoi l@ h e a t i n q  e lements ,  surrounded by gra'llhite f e l t  

i n s u l a t i o n .  T h e  U-t3be v a l v e ,  a t t a c h e d  t o  t h e  bottom of t h e  

reactor, w i l l  be  s i m i l a r l y  h e a t e d .  

4 .  Reactor V e s s e l  

The d e p o s i t i o n  reactor w i l l  be a box- l ike  q u a r t z  s t r u c -  

t u r e  w i t h  i x t e r n a l  p l a t e s  for  g r e a t e r  sur face  a r e a  a n d  to pro-  

v i d e  d i f f e r e n t  gas  f l o w  p a t h s .  The reactor geomet r i e s  i l l u s t r a -  

ted i n  F i q u r e  5 r e p r e s e n t  two of t h e  qeomcti i c s  w e  i n t e n d  to 
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test i n  t h e  i n i t i a l  o p t i m i z a t i o n  exper iments .  These reactors 

w i l l  have approximate ly  e q u a l  i n t e r n a l  s u r f a c e  areas, w h i l e  t h e  

g a s  f l o w  v e l o c i t y  w i l l  d i f f e r  by a factor of  approximate ly  three 

( or f o u r  i f  e x t r a  p l a t e s  are used)  between t h e  p a r a l l e l  f low ( F i g .  

5a) and series f l o w  (5b) arrangments .  Both of these geometries 

should o p e r a t e  i n  a l a m i n a r  f l o w  regime based on approximate 

sizes and t h e  volumes of Table  I. A t h i r d  geometry,  n o t  shown, 

w i l l  c o n s i s t  of s t a g g e r e d  tee o r  chevron b a f f l e s ,  a r r anged  t o  

produce t u r b u l e n t  f l o w  and to enhance f i n e  p a r t i c l e  c o l l e c t i o n  by 

impact . 
A secondary,  h i g h  t empera tu re  h e a t  exchanger arrangement  

has been conceived as  a n  i n t e g r a l  p a r t  of the i n t e r n a i  s t r u c t u r e  

of the reactor v e s s e l .  T h e  e x i t i n g  gas i n  t h e  reactor w i l l  f l ow 

o n  bo th  s i d e s  of the  e n t e r i n g  stream, which h a s  been pre-heated 

i n  t h e  pr imary  heat  exchanger .  T h e  p r i n c i p a l  f u n c t i o n  of t h i s  

exchnager i s  seen  as b r i n g i n g  the i n l e t  stream r a p i d l y  up to  t e m -  

p e r a t u r e  to maximize S i  d e p o s i t i o n ,  w h i l e  o n  t h e  o u t l e t  s i d e ,  

t he  gas t empera tu re  w i l l  be  reduced,  t h u s  e n s u r i n g  a g a i n s t  de- 

p o s i t i o n  o u t s i d e  t h e  reactor, i n  t h e  pr imary  h e a t  exchanger .  

5 .  Product  Stream Treatment  and A n a l y s i s  

W e  have cons ide red  a v a r i e t y  of methods of t r ea t ing  t h e  

product  stream. I n  t h e  p r o t o t y p e  system it i s  d e s i r e a b l e  to sepa- 

ra te  t h e  hydrogen from t h e  c h l o r o s i l a n e s  and hydrogen c h l o r i d e  

i n  o r d e r  t o  provi i ie  a s t . r a i g h t  forward i n p u t  g a s  mix tu re  of mea- 

s u r e d  q u a n t i t i e s  of H 2  and S i H C 1 3 .  I n  a product ion  system it  i s  

l i k e l y  t h a t  t h e  c h l o r o s i l a n e s  would be r e c i r c u l a t e d  w i t h  t h e  hy- 

drogen,  a l though  i t  would s t i l l  be necessa ry  t o  remoye HC1,  which 
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o t h e r w i s e  t e n d s  to push t h e  r e d u c t i o n  r e a c t i o n  backwards. 

The p r o t o t y p e  system is des igned  t o  cool t h e  p r o d u c t  

g a s e s ,  condense o u t  t h e  c h l o r o s i l a n e s ,  and remove hydrogen c h l o r i d e  

by a b s o r p t i o n  on a p t i v a t e d  carbon.  There  i s  a lso p r o v i s i o n  made 

to  p a s s  t h e  stream through a h i g h  t empera tu re  f i l t e r ,  b e f o r e  going  

i n t o  t h e  condensa r s ,  to look  f o r  e n t r a i n e d  s l l i c o n  powder formed 

by g a s  phase  r e a c t i o n  i n  t h e  reactor. ( B a l s t o n  F i l te r  Model 

20/35A; Type DH, i n o r g a n i c  bonded g l a s s  f i b e r  f i l t e r  2 i n c h  dia-  

meter by 9 i n c h e s  long . )  

Condensa t ion  o f  t h e  c h l o r o s i l a n e s  w i l l  be accomplished 

by p a s s i n g  t h e  stream th rough  s h e l l  and t u b e  h e a t  exchange r s  

cooled s u c c e s s i v e l y  by w a t e r ,  d r y  ice /methanol ,  and l i q u i d  n i t r o -  

gen .  

A n a l y s i s  of t h e  p r o d u c t  stream i s  also needed to  p r o v i d e  

f a i r l y  r a p i d  feedback  w i t h  r e s p e c t  to  d e p o s i t i o n  rates and e f f i -  

c i e n c y ,  w i t h o u t  having  t o  m e l t  o u t  t h e  d e p o s i t e d  s i l i c o n  a f t e r  

e a c h  r u n  w i t h  a g i v e n  set of  c o n d i t i o n s .  W e  are p lann ing  even- 

t u a l l y  t o  i n c o r p o r a t e  a g a s  chromatogyaph i n t o  t h e  p r o d u c t  g a s  

l i n e  t o  p r o v i d e  e s s e n t i a l l y  o n - l i n e  a n a l y s i s .  

I n i t i a l l y  w e  p l a n  t o  c h a r a c t e r i z e  t h e  c h l o r o s i l a n e  pro- 

d u c t s  a f t e r  condensa t ion  and c o l l e c t i o n  by d e n s i t y  measurement 

o n  a known sample volume. T h i s ,  i n  c o n j u n c t i o n  w i t h  measurement 

o f  t h e  ra te  of  c o l l e c t i o n  of Sic14 and S i H C i 3 ,  shou ld  g i v e  rea- 

sonab ly  a c c u r a t e  v a l u e s  f o r  t h e  r e a c t i o n  r a t e  and t h e  d e p o s i t i o n  

e f f i c i e n c y ,  i n  t h e  absence  of s i g n i f i c a n t  fo rma t ion  and c a r r y -  

o v e r  of o t h e r  s i l i c o n  c h l o r i d e s .  
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6. H 2  R e c i r c u l a t i o n  Pump 

We have chosen a compressor for  r e c i r c u l a t i n g  t h e  

hydrogen stream which i s  s p e c i f i c a l l y  des igned  for oil-free, 

d r y  pumping of  corrosive g a s e s .  (Model 490,  Corken Pump Co., 

5 : l  compression r a t i o ,  13-36 CFM d i s p l a c e m e n t ) .  The  pump 

u s e s  Tef lon  p i s t o n  r i n g s  and s e a l s .  

Hydrogen i n p u t  f l o w  w i l l  be measured by a Brooks 

Rotameter Model 1110, 2.2 - 22 CFM f low range ,  accuracy  2 % .  

F i l t r a t i o n  of t h e  hydrogen stream w i l l  be by a Ba l s ton  Type 4 5 ,  

s t a i n l e s s  s teel  bodied f i l t e r  w i t h  a 1" x ?I' f i l ter  e lement  of  

epoxy-bonded borosolicate g l a s s  f ibers.  

7. S a f e t y  Systems 

The e n t i r e .  g a s  handl ing  and r e a c t o r  system w i l l  be 

enc losed  under a ven ted  hood t o  remove i r r a t a t i n g  and p o t e n t i a l l y  

e x p l o s i v e  g a s e s  i n  t h e  e v e n t  of leaks. 

Purging and v e n t i n g  of t h e  system w i l l  be by argon,  and 

these g a s e s  w i l l  be passed  through a l imes tone  and t r i c k l i n g  water  

s c rubbe r  b e f o r e  vPn t ing  to  t h e  atmosphere.  

P r e l i m i n a r y  c o n s i d e r a t i o n  has been g i v e n  t o  a system 

which w i l l  allow r a p i d  e q u i l i b r a t i o n  of the  p r e s s u r e  i n s i d e  t h e  

reactor w i t h  t h a t  i n  the reector f u r n a c e  e n c l o s u r e .  E f f e c t i v e  

o p e r a t i o n  of t h i s  system w i l l  e l i m i n a t e  the p o s s i b i l i t y  of ex- 

p l o s i o n  or implosion of t h e  reactor. W e  have n o t  y e t  decided on  

a s imple ,  f a i l s a f e  means of accomplishing t h i s ,  a l though  s e v e r a l  

more o r  less compl ica ted  ways are obvious .  I t  i s  appa ren t  t h a t  

i n i t i a l  t e s t i n g  and ad jus tmen t s  t o  t h e  g a s  system w i l l  be carried 
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o u t  w i t h  a metal s u r r o g a t e  reactor, f i t t e d  w i t h  a d i f f e r e n t i a l  

p r e s s u r e  gauge and u s i n g  i n e r t  g a s .  

I V .  PROJECTED SECOND QUARTER A C T I V I T I E S  

Planned a c t i v i t i e s  f o r  t h e  second q u a r t e r  ( Ju ly-October )  

i n c l u d e  : 

- Complete d e s i g n ,  c o n s t r u c t i o n  and i n s t a l l a t i o n  of t h e  

p r o  t o t y p e  reactor s y s  tern. 

- S t a r t - u p  o p e r a t i o n  and i n i t i a l  e x p e r i m e n t a l  r l ins w i t h  

t h e  p r o t o t y p e  system. 
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